Functional somatostatin (SRIF, somatotropin release-inhibiting factor) receptors were expressed in Xenopus oocytes after injection of RNA isolated from the anterior pituitary tumor cell line AtT20. SRIF receptors were detected by measuring the ability of SRIF to inhibit cAMP formation stimulated by B2-adrenergic agonists in individual oocytes.
fi2-Adrenergic receptors (fl2ARs) were expressed in oocytes by coinjecting RNA prepared by in vitro transcription of a (82AR cDNA clone with the pituitary cell RNA. Uninjected oocytes do not express detectable levels ofeither ,2ARs or SRIF receptors.
In oocytes coinjected with AtT20 and f2AR RNA, on the other hand, isoproterenol treatment led to a 2-to 3-fold increase in cAMP levels, whereas cotreatment with SRIF reduced this accumulation by 50-60%. The SRIF precursor somatostatin-28 and the cyclohexapeptide agonist MK678 also inhibited cAMP formation, whereas the biologically inactive N-terminal 14-amino acid fragment of somatostatin-28 was ineffective. The ability to detect changes in cAMP levels in individual oocytes may provide a simple procedure for the expression cloning of SRIF receptor cDNAs and other receptors functionally coupled to stimulation or inhibition of adenylate cyclase.
Xenopus oocytes have proven to be a useful system for the expression of ion channels and receptors from naturally occurring mRNAs as well as from RNAs transcribed in vitro from cloned cDNAs (1) . The serotonin 5-HT1c (2, 3) and substance K (4) receptors were cloned using expression in oocytes as a method for screening the cDNA libraries. The library screening involved the use of purely functional assays that obviates the need for protein purification to obtain sufficient sequence data for the design of hybridization probes or generation of antibodies for screening cDNA libraries. As most ion channels and receptors can be detected only through functional or ligand-binding studies, the oocyte expression system makes cloning these relatively rare (on a mass per cell basis) proteins feasible.
However, almost all neurotransmitter and hormone receptors expressed in oocytes to date have been detected using electrophysiological methods that rely upon the receptor being either a ligand-gated ion channel [such as the nicotinic acetylcholine receptor (5, 6)] or coupled to inositol trisphosphate generation, which results in the opening of endogenous Ca2'-activated Cl -channels through the release ofCa2+ from intracellular stores (as is the case with the 5-HT1c and substance K receptors). Some exceptions to the electrophysiological detection of exogenous receptor expression in oocytes are the 32-adrenergic receptor (f2AR) and the cholecystokinin receptor. Kobilka et al. (7) In this report, we demonstrate that it is possible to functionally express in oocytes a receptor that acts by inhibition of adenylate cyclase, namely the pituitary somatostatin (SRIF, somatotropin release-inhibitory factor) receptor. These receptors mediate inhibition by SRIF of growth hormone, prolactin, and thyroid-stimulating hormone secretion from the anterior pituitary (9) . Subtypes of these receptors mediate inhibition by SRIF of insulin and glucagon release from pancreatic islets (10), as well as regulation by SRIF of neuronal activity and neurotransmitter release in the brain (11, 12) . In addition, since the assay is carried out on single oocytes, rather than using membranes isolated from a large number of injected oocytes, it may make screening cDNA libraries using functional assays much less labor-intensive.
MATERIALS AND METHODS
P2AR and AtT20 Cell RNA. The cDNA for the hamster /32AR (13) was generously provided by R. A. F. Dixon (Merck Sharpe & Dohme Laboratories). Bcl I linkers were added to a 2-kilobase EcoRI fragment containing the entire coding region, and the fragment was inserted into the unique Bgl II site of pSP64T (14) . This site is flanked by the 5' and 3' untranslated regions of the Xenopus /8 globin gene and is designed for the production of in vitro transcripts that are translated with high efficiency in Xenopus oocytes. The resulting plasmid, p,3ART, was digested with BamHI and transcribed in vitro using SP6 RNA polymerase as described (5) . Trace amounts of [3H]UTP were included in the reaction mixture to quantitate yields. The final product was stored at 0.15 mg/ml in sterile glass-distilled water at -20'C.
Total RNA was isolated from AtT20 cells by the acid guanidinium thiocyanate/phenol/chloroform method (15) and stored at 4 mg/ml in sterile glass-distilled water at -70'C.
Translation in Oocytes. Oocytes were harvested from mature female Xenopus laevis (Xenopus One, Ann Arbor, MI) and dissociated in collagenase (type IA; Sigma). The remaining follicular cell layer was manually removed from individual oocytes and isolated, follicle-free oocytes were maintained in ND-96 (96 mM NaCl/2 mM KCl/1.8 mM CaCl2/1 mM MgCl2/5 mM Hepes, pH 7.6) supplemented with 2.5 mM Abbreviations: SRIF, somatotropin release-inhibiting factor or somatostatin; ,2AR, 32-adrenergic receptor.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. sodium pyruvate, penicillin (1000 units/ml), and streptomycin (0.1 mg/ml). The appropriate RNA mixture (50 nl) (see Results) was injected into oocytes as described (5), and the oocytes were incubated in ND-96 supplemented with pyruvate and antibiotics for 48-72 hr at 19'C.
cAMP Accumulation Assays. Oocytes (injected with RNA) were incubated for 30 min in ND-96 containing 10 mM theophylline, a phosphodiesterase inhibitor. Groups of five oocytes were then transferred to 3 ml of ND-96 containing 10 mM theophylline, bovine serum albumin (1 mg/ml), and the indicated drugs and incubated for 30 min at room temperature. At the end of the incubation period, individual oocytes were transferred to 1.5-ml microcentrifuge tubes containing 100 gl of ND-96 with 10 mM theophylline and 100 mM HOC, and the oocytes were homogenized by vortex mixing. The extract was incubated at 950C for 3 min and the insoluble material was removed by centrifugation. The cAMP content of the supernatant was then determined using a radioimmunoassay kit (RIANEN; New England Nuclear) using the acetylation protocol. Under these conditions, the increase in cAMP levels due (Table 1) . Isoproterenol had no effect on uninjected cells (Fig. 1) . These data, like those of Kobilka et al. (7) Fig. 3 shows the effect of several SRIF analogs at a concentration of 1 ,tM on the isoproterenol-stimulated cAMP accumulation. SRIF and its precursor SRIF-28 were equally effective in blocking isoproterenol-stimulated cAMP accumulation, whereas MK678, a cyclohexapeptide that selectively binds to pituitary SRIF receptors to inhibit growth hormone release (21) , was slightly less effective. SRIF-28- (1-14) , which is biologically inactive in all SRIF-sensitive systems examined so far (10), had no effect on cAMP accumulation. DISCUSSION SRIF plays a major role in the regulation of hormone secretion from the anterior pituitary (9, 22) . In addition, this peptide is a neurotransmitter in the brain and may be involved in the control of movement and cognitive functions (11 (24, 27) reported the expression of the human a2-adrenergic receptor (which is known to inhibit adenylate cyclase) after injection of in vitro transcripts into oocytes or transfection of cultured cells lines, but they were unable to detect inhibition of adenylate cyclase in either system and used the appearance of binding sites with the proper pharmacological profile as their definition of functional expression. The data presented in Fig. 1 At present we do not known whether the guanine nucleotide binding protein (G protein) that mediates the inhibition of adenylate cyclase by SRIF is endogenous to the oocyte or is supplied by translation of AtT20 cell RNA. Kaneko et al. (29) have shown that uninjected oocytes contain endogenous G, and Go proteins, both of which could mediate the effect of SRIF (25) . By analogy to the ability of the human (7) or the hamster (this paper) P2AR to couple to the oocyte cyclase by endogenous G, protein, as well as the fact that the 5-HT1c (3) and substance K (4) receptors couple to inositol trisphosphate generation in oocytes by an endogenous pertussis toxin-sensitive G protein, it is likely that the AtT20 cell SRIF receptor mediates cyclase inhibition through a G protein endogenous to oocytes.
In this study, SRIF receptors were expressed in oocytes after the injection of total AtT20 cell RNA. These findings suggest that the assay is sensitive enough to detect a low level of a specific mRNA and that AtT20 cells are highly enriched for SRIF receptor mRNA and thus should provide excellent starting material for obtaining full-length cDNA clones by using the expression assay described here. In addition, the ability to detect changes in cAMP formation in single oocytes as a response to agonist stimulation of receptors expressed in oocytes after the injection of exogenous RNAs provides a functional assay different from the well-characterized inositol trisphosphate-mediated electrophysiological assay and may make the cloning of a variety of other peptide receptors, including corticotropin releasing factor and vasoactive intestinal peptide receptors, entirely feasible.
